Background: Previous studies in adolescents have rarely used validated questionnaires to assess stress and psychiatric symptoms.
Introduction
Stress-related and psychiatric disorders are, according to the World Health Organization (WHO), the second most common non-communicable health concern worldwide (cardiovascular disease being the leading concern) (Murray et al., 2012; Murray, 1996) . Psychiatric disorders affect almost all age groups. For example, depressive symptoms are the leading cause of disability worldwide in the age-group 10-24 years (Gore et al., 2011) . As psychiatric problems may follow individuals into adulthood, child and adolescent psychiatric health isproportion of all adult psychiatric disorders start in adolescence (Mathers & Loncar, 2006) . Symptoms such as anxiety, depression and insomnia during adolescence, as well as functional somatic symptoms, are associated with psychiatric disorders later in life (Bohman et al., 2012; Clark, Rodgers, Caldwell, Power, & Stansfeld, 2007; Fergusson, Horwood, Ridder, & Beautrais, 2005; Hiyoshi et al., 2015) . Associations between perceived stress and subjective health complaints have also been observed (Hjern, Alfven, & Ostberg, 2008; Torsheim & Wold, 2001 ).
For public health concerns, it is important to assess the prevalence of stress-related and psychiatric symptoms among adolescents of today and whether a potential increase has occurred over time. Such studies have previously been conducted among Swedish children and adolescents (Bremberg, 2006; Landstedt & Gådin, 2012; Nygren, Bergström, Janlert, & Nygren, 2012; Petersen, 2007; Wiklund, Malmgren-Olsson, Öhman, Bergström, & Fjellman Wiklund, 2012) . Increases in anxiety, depressive symptoms, and somatization are observable among all age groups in society, except the oldest. People aged 16-24 years, and particularly young women, show much steeper increases in these symptoms than other age groups (Petersen, 2007) . Psychiatric symptoms have also been proposed to be more common among Swedish youths today compared with two decades ago (Bremberg, 2006; Petersen, 2007; Wiklund et al., 2012) . A report from the Public Health Agency of Sweden from 2009/2010 showed that this increase might have levelled off, but they are still reported twice as often as in the mid-1980s (Folkhälsomyndigheten, 2010) . Data from 2012 shows that increases in worrying and anxiety have plateaued in girls and might even have decreased slightly in boys. Hospitalization for psychiatric disease has, however, increased in both sexes (Folkhälsomyndigheten, 2014) .
A similar picture is reported by Statistics Sweden, the governmental census bureau, in the "Living conditions survey", based on face-to-face interviews performed annually since 1975. The survey shows an increase in psychiatric symptoms in both males and females aged 16-24 years over time and that boys report fewer symptoms than girls. Comparisons between years are difficult since different questions and age classifications have been used over time. Moreover, a new method for data collection (telephone interviews) was introduced in 2008, which makes it even more difficult to make comparisons with previous surveys (Bremberg, 2006) .
One survey covering 2500-3000 students aged 15-16 that was conducted six times between 1988 (Bremberg, 2006 reports that the frequency of "a feeling of sadness", "difficulty sleeping", "often or always suffered from headaches", and "felt tense" increased between 1988 and 2005 (Hagquist & Forsberg, 2007) . Another Swedish survey covering 500 students, 13-16 years of age, was conducted six times between 1990 and 2005. "Felt depressed", "suffering from headaches", and "suffering from pain" were reported more often in 1999 than in 1990 (Hagquist & Forsberg, 2007) .
However, it is important to note that most previous studies, albeit large-scale, have used only a limited number of questions assessing stress and psychiatric symptoms rather than validated questionnaires with high reliability. It has been stated that the lack of such studies makes interpretations of results and comparisons over time between studies and between sexes difficult (Bremberg, 2006; Petersen, 2007) . In addition, there is still a shortage of epidemiological studies among older Swedish adolescents using validated questionnaires (Bremberg, 2006; Petersen, 2007) , the use of the latter enabling comparisons of specific stress-related and psychiatric symptoms over time.
The first aim of this study, which was conducted in 2011, was to examine the prevalence and potential sex differences of perceived stress and psychiatric symptoms among Swedish upper secondary school students, for comparison with Swedish reference populations from 1996 and 1998. The second aim was to examine the correlation between perceived stress and psychiatric symptoms in 2011.
Materials and Methods

Population
This study is part of a larger project that aims to evaluate stress and psychiatric symptoms in adolescents. When choosing the study population we opted for two schools that differ in terms of academic performance and urbanicity, in order to get a broader sample. The first school that responded positively to our request to participate was Gymnasieskolan Spyken in Lund, with 1,018 students. Spyken is a large upper secondary school with programs intended to prepare students for university studies. It is situated in Lund, a traditional university city and part of the Metropolitan Malmö region (662,941 inhabitants in 2011) (Statistiska Centralbyrån, 2013) . Spyken has high academic performance. The second school, Bergska skolan in the town of Finspång, has an average academic performance. Bergska skolan has 385 students and is the only upper secondary school in Finspång with national education programs. Finspång is a rural town (20,747 inhabitants in 2010) (Statistiska Centralbyrån, 2013) with heavy industry (Antonson, Thorsén, Sundquist, & Sundquist, 2014) .
All Swedish-speaking students, aged 15-19 years, were invited to participate via letters sent to their home addresses. Out of 1,403 potential participants, 283 gave written informed consent.
Questionnaires and Computer Programs
The measurements of perceived stress were based on the widely used 14-item PSS, PSS-14, constructed as a five-point Likert scale. The PSS does not reveal the magnitude of stressors, only how the individual experiences the situation. It has adequate test-retest reliability and internal consistency (Cohen, Kamarck, & Mermelstein, 1983; Martin, Kazarian, & Breiter, 1995; Mikolajczyk, Maxwell, Naydenova, Meier, & El Ansari, 2008; Schmeelk-Cone & Zimmerman, 2003) . The PSS-14 has been shown to be interpreted and measured in the same way in both sexes (Cohen et al., 1983; Eskin & Parr, 1996; Lavoie & Douglas, 2012) . A 2012 review of 11 studies also showed that the instrument has good internal consistency and high test-retest reliability (Lee, 2012) . Measurements of perceived stress are reported to have higher ecological validity than physiological response parameters and self-report of psychiatric symptoms (Lavoie & Douglas, 2012) . The PSS has been empirically validated in college students (Lee, 2012) and has been used in adolescents in clinical and normal populations to predict outcomes such as depression, anxiety and underachievement (Suldo, Shaunessy, & Hardesty, 2008) . For comparison, we used the mean score for Swedish university students (mean age 25.4 years) from a 1996 validation study of the translation of the questionnaire into Swedish, where both males and females scored 24.4 on the PSS scale (Eskin & Parr, 1996) .
To evaluate psychiatric symptoms we used the symptoms checklist 90, SCL-90 (Derogatis, 1994) . It uses a five-point Likert scale to assess overall psychiatric health in 90 items. The SCL-90 has been used in the USA since 1970 and is considered a central instrument for measuring psychiatric symptoms in Sweden as well (Socialstyrelsen). The results of SCL-90 are presented as a Global Severity Index (GSI), which is calculated as the total sum of the weights for each individual item divided by the total number of answered questions (with a minimum answer rate of 80%). SCL-90 also contains nine sub-scales: Somatization, Obsessive compulsivity, Interpersonal sensitivity, Depression, Anxiety, Hostility, Phobic anxiety, Paranoid ideation, and Psychoticism. The SCL-90 is commonly used in psychiatric health evaluations. It has been shown to have satisfactory internal consistency reliability (Derogatis, Rickels, & Rock, 1976; Horowitz, Rosenberg, Baer, Ureño, & Villaseñor, 1988) . Test-retest reliability coefficients were satisfactory both with a 1 week (Derogatis, 1994 ) and a 10 week pause (Horowitz et al., 1988) . The validity of the scale has been confirmed with regard to internal structure, factorial invariance, and convergent-discriminant validity (Derogatis, 1994; Derogatis et al., 1976; Koeter, 1992; Wiznitzer, Verhulst, Van den Brink, & Koeter, 1992) . SCL-90 has been cited approximately 3,500 times since its introduction in 1973, which reflects its ecological validity (Bech, Bille, Møller, Hellström, & Ostergaard, 2014) . For comparisons, we used values for GSI and the sub-scales from a study from 1998 that was based on 2 776 healthy Swedish adolescents (age 17-20 years) (females, n=2305; males, n=471) (Fridell, 2002) .
All questionnaires were copied from paper forms into the internet-based survey program Inquisite Survey System (Inquisite Inc., Copenhagen, Denmark). The tests were e-mailed to the addresses given by the students when they signed the informed consent forms. The students were allowed to answer the tests during a window of 10 consecutive days in order to avoid questionnaire fatigue. Only one response per student and test was possible. Using Inquisite Survey System allowed the incoming answers to be directly transferred to a database at our university department and to be further exported to statistical software without any human involvement at this stage, thus reducing errors due to data transfer. Data was stored in a non-identifiable form to preserve anonymity.
Statistics
All statistical analyses were conducted in Stata MP12 (StataCorp, Texas, USA). We used the Student's t-test to compare the results between the study population and the reference group. The values from the reference groups from 1996 and 1998 are presented as means and standard deviations; thus, although the scales are ordinal, a non-parametric test could not be used. Confidence intervals were calculated with a confidence level of 95%. To calculate correlations between perceived stress and psychiatric symptoms we used Spearman's rank correlation coefficient, as the data were collected from Likert scales and hence were non-parametric. Differences compared to the reference groups were analyzed by one-sample t-test.
Ethical Standards
We acquired the required permission for the study from the local ethics committee (Etikprövningsnämnden) in Lund (reference no. 2011/345). The complete study was registered at www.clinicaltrials.gov (reference NCT01457222) before it was started. The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Declaration of Helsinki, as revised in 2008. All participants gave written informed consent.
Results
Personal Characteristics
A total of 283 (20%) students showed interest in participating in the study. Of these, 194 students (138 female, 48 male, 8 without specification of sex) answered the questionnaires, resulting in a response rate of 69% of those who gave informed consent. Bergska skolan provided 45 students (representing 12% of the total number of students at Bergska skolan) and 147 students came from Spyken (representing 14% of the total number of students at Spyken). The vast majority of the students (98%) were assigned to programs intended for preparation for university studies. The mean age was 16.9 and the median age was 17 (range: 15-19 years). Not all students gave information regarding their school and/or sex, which explains the discrepancies in the values of n in the tables. Table 1 shows the median and mean values for PSS in 2011 and the mean values in 1996. Both female and male students had a significantly higher PSS values in 2011, compared with the reference value of 24.4 from 1996 (Table 1 ). The mean value was 24.4 in 1996 for both females and males. In 2011 the mean value was 28.9 for females and 26.2 in males. No statistically significant difference was observed, when we compared the values in 2011 between female and male students. Seven participants answering this questionnaire did not specify their sex. 
PSS
SCL-90
For both female and male students the scores for total GSI were significantly higher in 2011, compared with the values from the 1998 study (Table 2 ). This was also observed for the subscales obsessive compulsivity, Depression, Anxiety, and Psychoticism. For Phobic anxiety, only female students had significantly higher values in 2011 compared with the values from 1998. No difference was observed for the Somatization, Interpersonal sensitivity, Hostility, and Paranoid ideation sub-scales.
When comparing the 2011 results between female and male students, female students had significantly higher values for total GSI as well as for the Somatization, Interpersonal sensitivity, Depression, Anxiety, Phobic anxiety, and Paranoid Ideation sub-scales (Table 2) . No sex differences were observed for Obsessive Compulsivity, Hostility and Psychoticism. 
Correlation PSS and GSI
In the 2011 study population, there was a significant correlation between PSS and GSI in both sexes (Table 3) . Note. ρ=Spearman's rank correlation coefficient.
Discussion
The main findings of this study were that the prevalence of perceived stress (PSS) and overall psychiatric symptoms (total GSI) among Swedish upper secondary school students (both female and male students) were higher in 2011, in comparison with the Swedish reference populations from 1996 and 1998. For GSI, four out of jedp.ccsenet.org
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In 2011, the mean values in perceived stress for female students was 28.9 and for male students it was 26.2. This potential difference in perceived stress between female and male students was, however, not statistically significant (p=0.12).
Female students had significantly higher values for total GSI than the male students in 2011. In addition, female students also had significantly higher values for six of the nine sub-scales in the GSI: Somatization, Interpersonal sensitivity, Depression, Anxiety, Phobic anxiety, and Paranoid Ideation. For the remaining three of the nine sub-scales, Obsessive compulsivity, Hostility, and Psychoticism, no gender differences were observed.
Perceived stress correlated well with the overall psychiatric symptoms (ρ=0.67).
Our findings that Swedish adolescents aged 15-19 years reported higher levels of perceived stress and psychiatric symptoms, in comparison with results from previous reference populations, concur with earlier Swedish studies (Bremberg, 2006; Folkhälsomyndigheten, 2010; Hagquist & Forsberg, 2007; Petersen, 2007) . The present study adds to these relatively few previous studies as it is based on internationally validated questionnaires (rather than single questions) among older Swedish adolescents, which makes it easier to compare study findings over time as well as to compare findings between sexes.
Other high-income countries have also noted potential increases in psychiatric disorders among young people and this increase appears to be the continuation of a trend that started after World War II (Birmaher et al., 1996; Bremberg, 2006; Weissman & Klerman, 1992) .
The increase in psychiatric disorders among young people over time is unlikely to be related to substantial genetic changes in the population. Hence, mechanisms behind this increase must be sought in the environment (Birmaher et al., 1996) .
A 1995 study, conducted by Rutter and Smith, reviewed several hypothetical explanations behind the observed increase in psychiatric disorders among young people in the postwar period (Rutter & Smith, 1995) . They found support for two possible explanations. The first was the general increase of alcohol consumption in society, which in turn can lead to alcohol use disorders among individuals. The second explanation was that the gap between young people's expectations and actual possibilities in life might have increased over time. The net result is paradoxical, since the experience of failure increases even though actual living conditions have improved (Rutter & Smith, 1995) . Other researchers have presented similar theories (Beck, 1992) .
Highly individualistic, secularised societies have also been proposed as a contributor to an increased risk of developing psychiatric problems for individuals (Eckersley & Dear, 2002; Maercker, 2001; Neeleman & Lewis, 1999) . Bremberg et al. referred to the individualisation in the industrialised society, with life being less predictable than before, as a potential explanation behind the increase in psychiatric problems (Bremberg, 2006) . However, psychiatric disorders seem to have increased worldwide, i.e., in both industrialised and less developed countries (Gore et al., 2011) . Finally, the increase in diagnosed psychiatric disorders among young people over time may be due to a change in attitude towards psychiatric health problems, with the more recent expectation that issues of this kind are something that should not only be accepted but also acted upon (Bremberg, 2006) .
Our findings that female students reported more psychiatric symptoms than male students concur with previous studies that were based on a lesser number of questions (Bremberg, 2006; Folkhälsomyndigheten, 2010; Hagquist & Forsberg, 2007; Petersen, 2007) rather than validated questionnaires. One study used three scales (the internationally validated Hospital Anxiety and Depression (HAD) scale, a questionnaire measuring perceived stress and sleep and a questionnaire measuring subjective health complaints) on upper secondary school students aged 16-17 years from northern Sweden in [2007] [2008] . The study showed a high prevalence of subjective health complaints and perceived stress, particularly among adolescent girls (Wiklund et al., 2012) .
It has been recommended to include both internalizing and externalizing symptoms when measuring Swedish adolescents' psychiatric health because boys tend to report more externalizing problems and girls more internalizing symptoms (Hagquist, 2010) . Our study was based on the SCL-90 that includes subscales covering both internalizing and externalizing symptoms. In 2011, it was only internalizing symptoms that were higher compared with the reference population from 1998. The internalizing symptoms, as measured in the subscales Obsessive compulsivity, Depression, and Anxiety were higher in both female and male students, whereas Phobic anxiety had higher values only in female students. A similar pattern was also observed in earlier Swedish evaluations (Beckman & Hagquist, 2010; Cederblad, 2013) .
Many different explanations have been suggested regarding the observed sex differences in psychiatric symptoms. Biological changes during puberty have been closely linked to depression, as rising hormonal levels potentiate the risk of depression through mechanisms that are unrelated to the psychosocial effects of morphological changes in girls' bodies (Angold, Costello, Erkanli, & Worthman, 1999) .
Interpersonal stress models have linked girls' vulnerability to emotional distress to their social relationships (Rudolph, 2002) . The symptom-perception theory proposes a gender difference in how individuals pay attention to, define, and react to psychiatric symptoms (Gijsbers Van Wijk & Kolk, 1997; Hetland, Torsheim, & Aaro, 2002) . Earlier hypotheses have also suggested that women are more emotional and have more expressive behavior than men (Simon & Nath, 2004 ) but this has subsequently been rejected by Bogner and Gallo (Bogner & Gallo, 2004) . Women in the USA report that they feel anxious and sad more often than men, but the common cultural assumption that women express feelings more often than men seems to be false (Simon & Nath, 2004) .
Social constructions of gender are possible explanations, which the cross-national study Health Behavior in School-aged Children (HBSC) found support for when comparing health complaints reported by 11-to 15-year-olds from 29 European and North American countries in 1997-1998 (Torsheim et al., 2006) . Wiklund et al. also suggest that contextual factors, including social constructs and practices of gender, are of importance for the stress experienced by young Swedish women 16-25 years of age (Wiklund, Bengs, Malmgren-Olsson, & Ohman, 2010) .
Finally, there is a clear correlation between lower social positions, which women often have, and anxiety and sadness (Simon & Nath, 2004) .
Our findings of a strong association between perceived stress and overall psychiatric symptoms were consistent with previous research. Strong associations have also been found for perceived stress, psychosomatic symptoms, and anxiety (Wiklund et al., 2012) . There is also growing evidence of a significant relationship between psychosocial stress and psychopathology in children and adolescents from both cross-sectional (Compas, 1987; Compas, Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001 ) and longitudinal studies (Hammen & Goodman-Brown, 1990; Hilsman & Garber, 1995; Rudolph, Lambert, Clark, & Kurlakowsky, 2001; Schmeelk-Cone & Zimmerman, 2003) .
Limitations and Strengths
This study had a cross-sectional design and hence no conclusions on causality could be drawn. Further, it is not possible to draw any conclusions about whether the high levels of perceived stress and psychiatric symptoms reported in 2011 depended on particular characteristics of the students that participated in the study (e.g., were more stressed and thus were more motivated to act on the subject than the non-participating students), or if the difference is explained by a true increase in perceived stress and psychiatric symptoms over time.
All instruments for measuring stress and stress-related variables were based on self-report questionnaires. Although a good correlation between self-reporting and general health was found in upper secondary school students in the Nordic countries (Breidablik, Meland, & Lydersen, 2009) , the method has implications for the objectivity of the data.
Furthermore, the previous PSS data that we used for comparison over time was collected from university students. Although the comparison population was somewhat older than our study population, Schmeelk-Cone and Zimmerman found that the PSS values remained basically unchanged when they repeatedly assessed the same individuals between 15-20 years of age (Schmeelk-Cone & Zimmerman, 2003) .
These limitations are, however, balanced by the strengths of this study. Most importantly, there is still a scarcity of Swedish studies on this age group using questionnaires that are well defined, validated, reliable, and that have previously been used in clinically relevant studies on adolescents to measure perceived stress and psychiatric symptoms. Thus, this study serves as an important contribution to previous studies. The non-response rate was in line with the dropout rate in similar studies on this population such as the "Malmö students Life and Drug habits" that has been referred to in governmental reports. That study was conducted five times between 1994 and 2006; the dropout rate varied between 77 % and 96% (Petersen, 2007) . Finally, when selecting the study population we opted for two schools that differed in terms of socioeconomic status, academic proficiency profile, urbanicity, and geographic location with the aim of getting a sample as representative as possible. This has been asked for in previous studies (Schraml, Perski, Grossi, & Makower, 2012; Suldo et al., 2008) .
Conclusion
The present study showed that the prevalence of perceived stress (PSS) and overall psychiatric symptoms (total GSI) among Swedish upper secondary school students (both female and male students) were higher in 2011, in comparison with Swedish reference populations from 1996 and 1998. In addition, girls reported more psychiatric symptoms than boys and the level of perceived stress correlated well with the psychiatric symptoms. These findings should be useful for adolescents, parents, school and health care personnel as well as policymakers. Future studies are necessary in order to investigate the underlying causes and develop strategies to cope with the observed high levels of stress as well as to prevent the development of psychiatric symptoms.
Key Points
-Previous studies in adolescents have rarely used validated questionnaires to assess stress and psychiatric symptoms.
-This study used validated questionnaires, which showed that Swedish adolescents report high levels of perceived stress and psychiatric symptoms, especially in girls.
-Levels of perceived stress correlated well with the psychiatric symptoms.
-These findings are useful for school and health care policies. 
